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Question 3 


Intent of Question 





The primary goals of this question were to assess students’ ability to (1) recognize binomial distribution 
scenarios and calculate relevant binomial probabilities: (2) calculate expected values based on the 
binomial distribution and properties of expectation. 


Solution 
Part (a): 
Let X denote the number of correct guesses, assuming that a student guesses randomly among the 


five options on all 25 questions. Then X has a binomial probability distribution with n = 25 and 


aries 
p= 5 = 0.20. 


Part (b): 


Let Y denote the number of correct responses on the seven questions for which the student guesses 
randomly from among the five options. Then Y has a binomial probability distribution with n = 7 and 
p = 0.20. Then the expected value of Y, E(Y) = np = 7(0.20) = 1.4 correct responses. 


Next, using the scoring formula provided, 
Score = (18+ Y) — 0.25(7 — Y) + O(O) = 16.25 + 1.25Y . 


The expected exam score is therefore: 
E(Wcore) = E(16.25 + 1.25Y) = 16.25 + 1.25E(Y) = 16.25 + 1.25.4) = 16.25 + 1.75 = 18 correct 
responses. 


Part (c): 


Let Y be defined as in part (b). The student passes when Score > 20, which means that 
20 — 16.25 
1.25 
must get three or more correct from the seven questions on which the student guesses. 


16.25 + 1.25Y = 20, which means that Y = = 3. In other words, in order to pass, the student 


Y has a binomial probability distribution with n = 7 and p = 0.20, so 


PYY >3)=1-P(Y <2) =1- [p)eateay + Wexoy + ere | = 1-0.852 = 0.148. 


Scoring 


Parts (a), (b) and (c) are each scored as essentially correct (E), partially correct (P) or incorrect (I). 
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Question 3 (continued) 
Part (a) is scored as follows: 


Essentially correct (E) if the response identifies the correct type of probability distribution (binomial) 
AND identifies the two parameter values, n = 25 and p= - = 0.20, correctly. There are two 


components: naming the probability distribution and identifying the two parameter values. 


Partially correct (P) if the response correctly identifies only one of the two components (either the name 
of the probability distribution or the parameter values). 


Incorrect (I) if the response neither correctly names the distribution nor identifies both parameter 
values correctly. 


Note: Notation such as B(25,0.2) will be scored as essentially correct (E) for this part. 


Part (b) is scored as follows: 


Essentially correct (E) if the number of trials, n, and the binomial probability of a success p for Y (the 
number of correct guesses) are used to find the expected value of Y, E(Y), and if the correct expected 


exam score is calculated using E(Y). There are two components: calculating E(Y) and calculating the 
expected exam score. 


Partially correct (P) if only one of the two components is correct. 
Incorrect (I) if neither component is correct. 

Part (c) is scored as follows: 
Essentially correct (E) if the response specifies that three or more correct guesses are needed and the 
binomial probability is calculated correctly. There are two components: correctly identifying the 
required probability and correct calculation of the probability. 


Partially correct (P) if only one of the two components is correct. 


Incorrect (I) if neither component is correct. 


© 2010 The College Board. 
Visit the College Board on the Web: www.collegeboard.com. 


AP® STATISTICS 
2010 SCORING GUIDELINES (Form B) 


Question 3 (continued) 

Complete Response 

All three parts essentially correct 
Substantial Response 

Two parts essentially correct and one part partially correct 
Developing Response 

Two parts essentially correct and one part incorrect 
OR 

One part essentially correct and one or two parts partially correct 
OR 

Three parts partially correct 
Minimal Response 

One part essentially correct and two parts incorrect 


OR 
Two parts partially correct and one part incorrect 
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3. A test consisting of 25 multiple-choice questions with 5 answer choices for each question is administered. 
For each question, there is only 1 correct answer. 


(a) Let X be the number of correct answers if a student guesses randomly from the 5 choices for each of the 
25 questions. What is the probability distribution of X ? 


The probability distribution is a binomial distriaation with 
A SOMME Gee f 2S and a A Probability of Success. 


This test, like many multiple-choice tests, is scored using a penalty for guessing. The test score is determined 
by awarding 1 point for each question answered correctly, deducting 0.25 point for each question answered 
incorrectly, and ignoring any question that is omitted..That is, the test score is calculated using the following 


formula. 


Score = (1 x number of correct answers) — (0.25 x number of incorrect answers) +(0 x number of omits) 
For example, the score for a student who answers 17 questions correctly, answers 3 questions incorrectly, and 


omits 5 questions is 
Score = (1 x 17) — (0.25 x 3) + (0 x 5) = 16.25. 


(b) Suppose a student knows the correct answers for 18 questions, answers those 18 questions correctly, and 
chooses randomly from the 5 choices for each of the other 7 questions. Show that the expected value of the 
student’s score is 18 when using the scoring formula above. 


Expected number of correct questions = t+ SAT = Wat 
Expected number of incorrect QuessiONs = Ex] = 5.6 


Expected scove = AKIN.) — (9. 9S45.6) + (O00) = AA-1.4 =18 


Werefare, Whe Gtuderii's @epected Score <\e 


GO ON TO THE NEXT PAGE. 
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(c)-A score of at least 20 is needed to pass the test. Suppose a student knows the correct answers for 
18 questions, answers those 18 questions correctly, and chooses randomly from the 5 choices for each 
of the other 7 questions. What is the probability that the student will pass the test? 
7 a + : 
P* Out of Ane ‘T questitns guessed, the student mus’ Qt at 
fy 208k 3 correct CaSuming pris sudent did not Seip any 


f 


questi ons) in order xO get a score Of 20-= 2 Fro” 
| Anose ) Queswions . 
P(X2aa= 4Cs (a7(@Y * 4, (e)GY ae Ge (a) (2) wal, 2)($) “Gy @) 
> O\4$ 032 
The probability of the Student Pass Ing sine 46st 
= 0148032 


SN the student got. 
O ‘comect , Twing > Kove = (al) - (0.95 x7) +(0xy) =-1.75 
Correct, bri cong => Sore = AXxp) —(o.26«6)+(0%0) = -OS 


2S gor > Swre = Qa) ~ (0.25 *5)+ (040) = Ons 
me, ae Sove = (3x) - (Q2Se) + (0x0) = 2 

4 uv 3 ~ => Kove Ax 1) ~ (9.283) + (0x0) = 3.25 
OA De Score =Ge) — (0,2582)-4(0"0) = 4S : 
& correct, | wong > Score 2 lex (§,.25%2)* tavoy= SS | 
JT oo , Owrong =) core =(44)) — (0.2520) + C0¥ 0) 27 Te 


GO ON TO THE NEXT PAGE. 
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3. A test consisting of 25 multiple-choice questions with 5 answer choices for each question is administerea. 
For each question, there is only | correct answer. 


(a) Let X be the number of correct answers if a student guesses randomly from the 5 choices for each of the 


25 questions. What is the probability distribution of X ? 
q This a. binemial olisdrthbien since Hire ere tro chars Clormet/ Ineereck 
each problem is inolepenolend of eoch_ oer ; 

°s ~~ 


' : apis seve [Zam ited Omeund o& choice? 
25 
F:(% ) ($) (4) 
This test, like many multiple-choice tests, is scored using a penalty for guessing. The test score is determined 


by awarding ! point for each question answered correctly, deducting 0.25 point for each question answered 
incorrectly, and ignoring any question that is omitted. That is, the test score is calculated using the following 


formula. 
Score = (1 xX number of correct answers) — (0.25 x number of incorrect answers) + (0 x number of omits) 
For example, the score for a student who answers 17 questions correctly, answers 3 questions incorrectly, and 


omits 5 questions is 
Score = (1 x 17) — (0.25 x 3) + (0 x 5) = 16.25. 


§ 


(b) Suppose a student knows the correct answers for 18 questions, answers those 18 questions correctly, and 
chooses randomly from the 5 choices for each of the other 7 questions. Show that the expected value of the 
student’s score is 18 when using the scoring formula above. : 


7 The vepeetedl nw feran incorreed answer 
wenlA he (4 (5) while He expceted palo 


for a covreck anger wealol be (4) (5), Thus, He expected 
valow for tncomesd ansners wont be & and Hab of corre A 
ansuivd pent be (. %e ode- 2 are emittcel. 


Mer placing our expete/ pices in, ae get Me 
(1x 14) ~ €0.26 x4) + for) = l4-L 0 = 1¢. 


Thus, He expecd-eof Value ot fe slideud'S scove 28 
in lea (¢ 


GO ON TO THE NEXT PAGE. 
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(c) A score of at least 20 is needed to pass the test. Suppose a student knows the correct answers for 
18 questions, answers those 18 questions correctly, and chooses randomly from the 5 choices for each 


of the other 7 questions. What is the probability that the student will pass the test? 


Tie: peed lilags Dia le Stee PE ACE IE ade Gee 


as 


[ cone Ye probebilily dhe shuclents deesn-t | ia Me test. 


wer Ae. pant ae har ks adie ee eas [é2- .2503)) 
2 corrceA, ; P . i — 
ae 


Onee Ye Sduclend gts 3 a ae he wttl pr4s. 


or pore 


Uenee Ue probe bz lily el @ Stuclend getting. 0, [ pete cs 
pe) vec) ee(2) = ENC) + CO4MY"+ DAA 
Bs Be 10 EP «8% (8) 186 
= 0,1%20¢ | | 


Tlene fore , He chances He sholents does 't pass is 0.90206 


fe Ae reba bi lily Had He shader bt vil/ (°% we Jasd Yoke L mens 
Mead prombility ve ealealated: 


(- 0.14206 » 0.05792 


“Thus, Mies > a a 5.749LY% bat tHe shnf a 285. 


GO ON TO THE NEXT PAGE. 
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3. A test consisting of 25 multiple-choice questions with 5 answer choices for each question is administered. 
For each question, there is only 1 correct answer. 


(a) Let X be the number of correct answers if a student guesses randomly from the 5 choices for each of the 
25 questions. What is the probability distribution of X ? 
coreecl /ratocecy Brom Dideed okie. 


PO) in percentile is 40.06 -/ 
Wy) = (rfesttsy ea Cis) (3) : , 
= (Nef 0-8 f = 6, t0aG 


= aCe eT (rey 
This test, like many multiple-choice tests, is scored using a penalty for guessing. The test score is determined 
by awarding 1 point for each question answered correctly, deducting 0.25 point for each question answered 
incorrectly, and ignoring any question that is omitted. That is, the test score is calculated using the following 


formula. 
Score = (1 x number of correct answers) — (0.25 x number of incorrect answers) + (0 x number of omits) 
For example, the score for a student who answers 17 questions correctly, answers 3 questions incorrectly, and 


omits 5 questions is 
Score = (1 x 17) — (0.25 x 3) + (0 x 5) = 16.25. 


(b) Suppose a student knows the correct answers for 18 questions, answers those 18 questions correctly, and 
chooses randomly from the 5 choices for each of the other 7 questions. Show that the expected value of the 
student’s score is 18 when using the scoring formula above. 


uth he Guern Korea, or need Ko ge \Q qyuserory conect , 
ge uy Questions, —Urorg, ond — ouaik 0 Guastens ‘Yn ocker 40 get 18 


So, Ne Cor mule wor he 
Score = Cl xta) -(oasx &) * (0x2) =!9 
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(c) A score of at least 20 is needed to pass the test. Suppose a student knows the correct answers for 
18 questions, answers those 18 questions correctly, and chooses randomly from the 5 choices for each 
of the other 7 questions. What is the probability that the student will pass the test? 


ae ter as eX oO stuterk ehodlh sre ck leak 20, 
Ly dds (8 groiens coweaet aN sraderr — needs te 
nek cx \ack ie queskwas Sant Cx (x2) - (02538) =2) 
Ww eux Ye prealdity ok gettin, “Sor wore Nesting  conech os a 


Ci vee: “nee Choe ke get 


I~e Cran ees, ok gerrieg Oo Leakey 
ayy a. Fes 


ry wrk INVA prebaldis, ; nCo Cp) Cag 
Lt CDC) CAG St 
Ns) #3) GQ) (9 
= G-20an150 + O.FENOIE 4 Q abOwIQ 
= 6. 8514¢Q 
3, eke tN 
Sulphade =P Keo Vk uit jhe us Xe valu of 6 


aich ‘eg o.14 8032 


We as) Wet We XN 
preva Ty ok studurl PXFry a teal \S OAL OL 
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Question 3 


Sample: 3A 
Score: 4 


Parts (a) and (b) of this question are answered clearly, correctly and concisely. In part (c) the response 
enumerates clearly the possible scores that can be obtained when guessing on seven questions to justify 
the conclusion that at least three questions must be guessed correctly to obtain a score of at least 20. The 
probability required in part (c) is calculated clearly and correctly. Parts (a), (b) and (c) were all scored as 
essentially correct. The entire answer, based on all three parts, was judged a complete response and 
earned a score of 4. 


Sample: 3B 
Score: 3 


Part (a) of this response was scored as essentially correct. The probability distribution is identified by name 
and formula, and the parameter values are correctly identified by the formula. In part (b) the expected 
number of correct guesses is calculated for the situation where five questions are guessed and two are 
omitted, instead of for the described situation in which seven questions are guessed and none omitted. 
The resulting incorrect value for the expected number of correct guesses is then used correctly to calculate 
the expected score. Because only one of the two components of part (b) was answered correctly, part (b) 
was scored as partially correct. In part (c) the student continues to assume that five questions are guessed 
randomly, rather than seven. Aside from this error, the response to part (c) correctly determines that at 
least three correct guesses are needed and correctly calculates that probability by using the probability of 
the complement. Because the error of considering five guesses instead of seven was penalized in part (b), 
it was not penalized again in part (c), so this part was scored as essentially correct. The entire answer, 
based on all three parts, was judged a substantial response and earned a score of 3. 


Sample: 3C 
Score: 2 


In part (a) the binomial distribution is identified by name. Although the value of p is correctly identified by 
formula, the value of n is given incorrectly as 5. Part (a) was therefore scored as partially correct. In part (b) 
the response describes one scenario in which a score of 18 is obtained. However, the response does not 
contain an expected value calculation, and no notion of averaging over possible outcomes is present, so 
part (b) was scored as incorrect. The response to part (c) includes a justification of why at least three 
correct guesses are needed, as well as a correct probability calculation. Part (c) was scored as essentially 
correct. The entire answer, based on all three parts, was judged a developing response and earned a 

score of 2. 
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